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Objectives 

 To describe the (recent) history of TB 
diagnostics modeling 

 To discuss key published papers in the 
field 

 To give an overview of what modeling has 
taught us about TB diagnostics to date 



4 Key Goals of Models 

 Craft policy 
◦ Focus decision-makers on important issues 

 Conceptualize 
◦ Help frame the problem in a new light 

 Project 
◦ Quantify impact of interventions 

 Operationalize 
◦ Identify parameters that are key to an 

intervention’s success 



From last session: 

General TB 
Models 

Drug 
Resistance 

TB/HIV Co-
infection 

TB control in 
high burden 

settings 

TB control in 
low burden 

settings 
Vaccines Drugs  Diagnostics Diagnostics 

Presentation Outline: 
Pre-2006: 1 slide 
2006: 2 models 
Post-2006: 4 models 
Summary & Conclusions 



Early TB Diagnostics Modeling: 
A Timeline 
 1996: Blower et al put TB modeling on the 

map. 
◦ Treatment and prophylaxis, but no diagnosis 

 1998: Murray & Salomon are the first to 
model diagnostic strategies 
◦ Increasing smear sensitivity to 95% estimated to 

reduce TB mortality by only 4% 
 HIV considered only cursorily 
 Low infectivity/mortality among smear-negatives 
 Diagnostic process not actually modeled 

 1999-2005: “Dead zone” for TB diagnostics 
modeling 
◦ Focus squarely on improving DOTS coverage 



2006:  
Diagnostics Return to the Spotlight 
 Global Plan to Stop TB 2006-2015 
◦ Push for new drugs, diagnostics, and vaccines 

 Moore et al publish Peruvian MODS 
study in NEJM 

 FIND gathers steam, contracts Cepheid 
 Multiple systematic reviews and opinion 

pieces 
 WHO begins to evaluate diagnostic tests 

for global recommendation 
 



2006:  
Diagnostics Return to the Spotlight 
 2 major modeling papers revisit the 

importance of diagnostics. 
◦ Increased understanding that DOTS alone 

might not be sufficient 
◦ Impact of HIV on TB diagnosis becoming 

more clear 
◦ Interest in developing better strategies for 

active case-finding 





AIDS 2006 model 

 Focus of HIV-related TB interventions: 
◦ ART 
◦ 3 I’s (IPT, ICF, infection control) 
◦ Not diagnostics 

 Compared TB control strategies in a 
hypothetical HIV-endemic population: 
◦ Rapid molecular test (50% sens for sm-neg) 
◦ Culture (85% sens for sm-neg, 20% LTFU) 
◦ Active case-finding (33% of population) 
◦ ART (50% coverage) 



 
 
 

 
 First TB model to evaluate the diagnostic 

process in terms of access 
 Otherwise simple structure  



 
 
 
 

 Key result:  
◦ Realistic diagnostics can have large impact 
◦ 20% mortality reduction 
◦ Similar to 33% coverage with ACF 



 
 
 
 

 Impact is most sensitive to the quality of 
existing diagnosis, not the accuracy of 
new diagnostics. 
◦ New diagnostics have greatest impact if 

deployed in areas of greatest need. 



AIDS 2006: Summary 

 Craft Policy 
◦ Placed diagnostics “on the map” 

 Conceptualize 
◦ Evaluated access to diagnostic services 

 Project 
◦ 20% realistic mortality reduction 

 Operationalize 
◦ Deploy diagnostics in settings with poor 

existing infrastructure  





Keeler et al, Nature 2006 

 Published by “who’s who” of TB 
diagnostics/modeling 

 Nature supplement focused on impact of 
diagnostics on various conditions 

 Remains the most widely-cited source on 
potential impact of TB diagnostics 



 
 
 
 

 Decision analytic model 
◦ (can’t read figure in initial publication either) 

 Also focuses on access to diagnosis 
 Does not include transmission effects 







Nature 2006: Summary Deja Vu 

 Craft Policy 
◦ Placed diagnostics “on the map” 

 Conceptualize 
◦ Evaluated access to diagnostic services 

 Project 
◦ 20% realistic mortality reduction 

 Operationalize 
◦ Deploy diagnostics in settings with poor 

existing infrastructure  



Post-2006: Advancing the Field 
 Interest in diagnostics rising 
 Moore et al’s NEJM paper on MODS published 
 Increased focus on access to diagnostics 

 Modeling of diagnostics turns to more 
specific questions:  
 Expansion of existing diagnostics 
 Introduction of novel diagnostics 
 Diagnostics as part of integrated TB control 

strategy 
 Diagnostics for managing MDR-/XDR-TB 



Expansion of Existing Diagnostics 



Dowdy et al, PNAS 2008 

 Motivated by discussions in South Africa 
regarding poor utilization of culture 

 Evaluated expansion of culture and DST 
◦ New vs. previously-treated cases 
◦ Immediate vs. gradual roll-out 
◦ Compared against an “ideal” new test 
◦ Minimal evaluation of XDR-TB 

 Most detailed model to date of the TB 
diagnostic process 









Dowdy PNAS 2008: Summary 

 Craft Policy 
◦ Pressured gov’t of RSA to expand culture 

 Conceptualize 
◦ Repeated diagnostic attempts, DST 

 Project 
◦ 20% mortality reduction (less for MDR) 

 Operationalize 
◦ Early expansion of existing diagnostics may be 

preferred to late expansion of new ones.  



Introduction of Novel Diagnostics 



Dowdy et al, IJTLD 2008 

 Motivated by test developers who wanted 
to know the specifications required for a 
test to have impact 

 Primary focus was cost-effectiveness 
◦ Will be discussed in next session 

 Hypothetical point-of-care diagnostic in 
South Africa, Kenya, and Brazil 
◦ Sensitivity 50-90%, specificity 90-100%, price 

$1-$20 
◦ Later expanded to evaluate serology in India 







Dowdy IJTLD 2008: Summary 
 Craft Policy 
◦ Demonstrated to developers that high-quality 

tests would be required to replace smear 

 Conceptualize 
◦ Diagnostics to add on vs. replace smear 

 Project 
◦ 100-200 years of life gained if a new test were 

added to smear for 1000 TB suspects 

 Operationalize 
◦ Target areas with poor infrastructure, do not 

seek to replace smear 



Diagnostics in an  
Integrated Control Strategy 



Abu-Raddad et al, PNAS 2009 

 Modeled diagnostics, drugs, and vaccines 
 Funded by BMGF to guide portfolio 

development 
 Focused on lower-HIV prevalence settings 
 Diagnostic interventions: 
◦ LED microscopy: 10% increase in CDR, 1/24 

month reduction in time to diagnosis 
◦ NAAT: 3/24 month reduction 
◦ Dipstick: 4/24 month reduction 







Abu-Raddad 2009: Summary 

 Craft Policy 
◦ Helped guide development portfolio 

 Conceptualize 
◦ Increase CDR vs. shorten time to detection 

 Project 
◦ 20% realistic mortality reduction 

 Operationalize 
◦ Diagnostics as part of an integrated package 



Diagnostics to Manage  
Drug-Resistant TB 



Basu et al, PNAS 2009 

 Published by Friedland’s group from Tugela 
Ferry, South Africa (XDR-TB outbreak) 

 Aimed to identify strategies for 
preventing XDR-TB epidemics 

 Interventions: 
◦ Increase CDR from 55% to 70% 
◦ Accelerate DST from 6 wks to 1 wk 
◦ Infection control: prevent nosocomial spread 
◦ Increased access to DST (outpatient) 







Basu 2009: Summary 

 Craft Policy 
◦ Inform XDR-TB control strategies 

 Conceptualize 
◦ Importance of nosocomial epidemics 

 Project 
◦ Lower risk of XDR epidemic from 12% to 8% 

 Operationalize 
◦ Community-based efforts required to prevent 

spread of nosocomial XDR-TB outbreaks 



Conclusions:  
History of Modeling TB Diagnostics 
 Modeling of TB diagnostics is a new field. 
 2006 as a turning point 

• Nature & AIDS papers, plus external forces 

 Specific refinements since 2006 
• Expansion of existing diagnostics 
• Introduction of novel diagnostics 
• Diagnostics as part of integrated TB control 

strategy 
• Diagnostics for managing MDR-/XDR-TB 

 



Conclusions: 4 Goals of Models 
 Craft Policy 
◦ 2006: Enhance awareness of diagnostics 
◦ Post-2006: Target specific audiences 

 Conceptualize 
◦ 2006: Access to diagnostic services 
◦ Post-2006: Repeat attempts, relation to smear, speed vs. accuracy, 

nosocomial vs. community  

 Project 
◦ 20% realistic mortality reduction 

 Operationalize 
◦ Target areas with poor infrastructure 
◦ Diagnostics as part of a larger package 
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